The over-all metabolic activity of adipose tissue in man and other mammals has not been defined as carefully as that of other major organs and tissues. Despite recent reports (1, 2) showing that adipose tissue partakes in many biochemical reactions common to other tissues, widespread opinion holds that fat depots serve little purpose other than storage.
The over-all metabolic activity of adipose tissue in man and other mammals has not been defined as carefully as that of other major organs and tissues. Despite recent reports (1, 2) showing that adipose tissue partakes in many biochemical reactions common to other tissues, widespread opinion holds that fat depots serve little purpose other than storage.
A primary index of metabolic activity in any organ is the blood flow through the organ. In this regard, some investigators favor the opinion that blood volume in the adult remains unaltered as body weight increases with fat deposition, and therefore blood volume and body weight correlate poorly in adults and should be well correlated with lean body weight (3, 4) .
The study reported here was undertaken in order to obtain an estimate of the range of circulating red cell volume in men and women having differing degrees of obesity in an attempt to assess the relative importance of obesity tissue as an "organ" associated with a "fixed " quantity of blood.
METHODS

Circulating red cell volume
A modification of the technique of Sterling and Gray (5) was used for measuring circulating red cell volume. About 10 to 20 microcuries of chromium 51 in 0.01 to 0.2 ml. containing about 20 to 120 micrograms sodium chromate was injected into a sterile rubber-capped 15 ml. centrifuge tube. About 10 to 12 milliliters of the subject's heparinized blood was added to the solution and incubated for 45 minutes at room temperature. The incubated blood was spun at 1500 rpm for 5 minutes in an International centrifuge (size 2, model R). The supernatant was then withdrawn and the cell mass reconstituted with saline. The latter procedure was repeated twice. An aliquot of one milliliter, measured in a 1-milliliter calibrated syringe, was injected into a 100-milli- 1 This work was supported in part by a grant from the Life Insurance Medical Research Fund.
liter volumetric flask for a standard, and the remainder was given to the recumbent subject by a single intravenous injection. The quantity given was estimated by reading from the calibration of the 10-milliliter syringe.
Venous blood samples were drawn with a heparinized syringe at 5 and 10 minutes after injection, and two 4-milliliter aliquots of each sample were pipetted into vials, spun at 1000 rpm for 5 minutes, and analyzed in a conventional well-crystal detector. Efficiency of the wellcrystal detector was constant for any volume up to 2.5 milliliters. Hematocrits were measured by centrifuging blood at 3000 rpm for one-half hour. Two-milliliter aliquots from the 100-milliliter volumetric flask were counted in a similar manner for calculation of the amount of radioactivity injected.
Circulating red cell volume was calculated as follows: (Cts./min./ml. std.)(100)(ml. injected) Cts./min./ml. blood Body density Weight of the subjects was determined with a standard physician's scale which had been calibrated with known volumes of water at a known temperature. Gross body volume was obtained from the volume of water displaced by the patient when he was immersed with the chest in full expiratory phase. Immersion was in an upright cylindrical galvanized iron tank. The tank was designed with metal rungs along the inside wall. The subject was instructed to forcibly exhale just prior to submersion. The rungs aided the subject to attain and tank and instructed to forcibly exhale to the same expiramaintain submersion in a half sitting posture. tory point, before and after connection to the spirometer. The water of the tank was connected through a tube Although this procedure did not measure "true residual from the bottom to a burette on the side. The tank was air" and was subject to error on the part of subject calibrated by recording burette readings with the addi-participation, values obtained were considered well within tion of 2-liter aliquots of water. A calibration curve the over-all accuracy required by the design of the exwas thus obtained from which the volume represented periment. between any two points on the burette could be read.
The mean values for residual lung volumes were found Water temperature was usually maintained in the range to be 2.54 liters for men and 2.03 liters for women with of 340 to 37°C. The volume of an inanimate object could standard deviations of .08 liters and .05 liters, respecbe measured with this system to an accuracy of ± 0.25 tively. liters.
Body density was then the quotient of the weight and Residual lung volume was measured by the closed the net body volume (immersion volume minus the circuit method of Christie using the apparati and apply-residual lung volume). This measurement is density, or ing the formulae described by him (6) . The subjects mass of body per unit volume, and can be converted to were seated in a fashion simulating their posture in the specific gravity by dividing by the density of water at * These values were calculated from the Rathbun-Pace fat prediction equation (7). 
Subjects
Most of the subjects were normal volunteers. Several of the most obese individuals were selected from the hospital files because their chief admission diagnosis was obesity, and because other findings were not considered significant. Most of the procedures for body volume and lung volume determinations were carried out between 11:00 a.m. and noon before lunch or after 4:00 p.m. Tables I and II give the data for men and women, respectively. Included are the age, height, weight, lean weight, fat weight, circulating red cell volume, calculated plasma volume, calculated blood volume, hematocrit, and body volume. The values for lean and fat weight were obtained using the Rathbun-Pace equation (7) . In Figures 1, 2 , and 3 are plotted the various volumes against body density. Also shown is the regression equation for each of these sets of data. The correlation coefficient for red cell volume and body density shown in Figure 1 is 0.48 and is highly significant. However, the distribution of the male and female population above and below the line is apparently not random. For any density there are a greater percentage of the data of women below the regression line for red cells. In fact there are only 3 of 20 of the data of females above the line. When the population is separated into men and women, the following regression equations were found:
RESULTS AND DISCUSSION
Men (42 subjects) CRCV shown in Figure 1 suggested that circulating red cell volume of women should be considered separately from that of men. Therefore, the regression models were calculated for men and women separately. Two models of linear regression were investigated for each sex, since there were insufficient data to suggest other than linear relationships. These models were tested for the calculated blood volumes as well as the measured red cell volume. Both the Rathbun-Pace (7) and Keys-Brozek (8) body fat prediction equations were used for the multivariant analyses which included lean weight and fat weight. The multiple correlation coefficients for these parameters are given in Table  IV . Also shown in Table IV are bivariate correlation coefficients for fat or lean weight with blood, plasma or cell volume.
Using the Rathbun-Pace equation more comlex models than just lean weight and fat weight were tested for correlation. The first of these for 42 men included as variables body volume, height, weight, and age. The multiple correlation coefficient for this model was 0.71 and was highly significant with probability << 0.01 of being obtained by chance. However, tests of significance of the individual regression coefficients showed a definitely significant relationship with weight (P < .05), a possibly significant relationship with body volume (P > .10) and no significant linear relationship with height and age.
The model was then revised to include only weight and body volume and for the 42 men was as follows:
Blood Volume (liters) = 0.123 weight (kg.) -0.091 body volume (liters) + 1.987 with R = 0.71, P < < .01, s = 0.48
Test of individual regression coefficients showed the linear relationship of blood volume to weight even more significant (P < .02), while body volume was significant only at the 7 per cent level (P < 0.07).
The corresponding equation from data obtained on 42 men for circulating red cell volume was as follows: The data on 20 women were subjected to the same analyses using the same original model with body volume, height, weight, and age as variables. In contrast to the results obtained from the men's data, the two variables which proved to be significant when tested were age and weight, and the following equation was obtained: Tests of the regression coefficients showed highly significant linear relationship between these volumes and lean weight and fat weight, having P values < < .001 in every case except one: circulating red cell volume (liters) and lean weight (kg.) in women had P > .01.
Thus, these considerations suggest that there is a high degree of correlation between lean weight and red cell volume as well as plasma volume and blood volume. Moreover, it is equally strongly suggested that there is a high degree of correlation of these values with fat weight. It is interesting that the P value for the significance of the coefficient for fat weight in women ( < .001 ) was better, than that for lean, <.01. The tendency in the literature and in discussions has been to emphasize the quantity of blood allocated to lean tissue. It is true that in men the quantity of blood apparently associated with lean tissue is about twice that of fat; but in women this difference of fat and lean is much less.
The analyses do indicate very strongly that the correlation coefficient obtained by trivariant analysis when lean and fat weight are considered together as variables have higher values than when only lean weight is considered. Table IV shows a higher correlation coefficient for every case when fat is included as a variable. In every case, there was also a slight decrease in dispersion. Thus, fat weight as well as lean weight must be considered when predicting blood volumes since lean weight alone gives a poorer correlation. However, the multiple correlation coefficients of the trivariate analyses of fat weight, and lean weight with each of the volumes is no better than the bivariate correlation coefficients of total weight, or surface area, or logarithm of the body weight with each of the volumes. These last values are shown in Table V . This raises the possibility that these parameters are basically related to blood volume but in themselves have little to do with the normal variations among individuals. An important question in this relation is, "What is the validity and reliability with which red cell volume may be measured with Cr51 ?" Evaluation of the error of this method is as difficult as it is important. It would be relatively simple to evaluate the error of the method for an in vitro system; however, the error associated with mixing is not apparently soluble at this time. Blood samples for measurement of the chromium-51 concentration were drawn at five and ten minutes. Inspection and comparison of the counting rates of the two samples did not suggest any significant systematic difference. Usually the difference in the values was less than the error of the analysis. The count rate of the second sample from markedly obese individuals was not less than that of their first sample. Therefore differences in mixing in obese individuals are likely to be evident in a comparison of samples drawn before five minutes. From these considerations, it is unlikely that the circulating red cell volume of obese individuals was incorrectly estimated because of prolonged mixing. It is our opinion that the apparent variation of 25 per cent between individuals is not the result of error of the method, but involves other parameters. Berlin, Hyde, Parsons, and Lawrence (9) found that with repeat determinations in a series of 24 p32 tagged cell volumes, the maximum variation was 7.4 per cent and the average variation was 5.7 per cent.
For any density, the amount of circulating red cell mass per kilogram of tissue is less in women than in men. Therefore, the difference in circulating red cell mass in men and women is on a ba-sis other than obesity alone. The role of gonads in erythropoiesis has been reviewed by Van Dyke, Contopoulos, Williams, Simpson, Lawrence, and Evans (16) , and additional data were presented showing that testosterone causes increased cell production and a greater circulating red cell volume while estrogen works an opposite effect (16) . Hollingsworth and Hollingsworth (17) recently have collected data on Cr51 tagged red cell survival in women which suggest that cell longevity is less in women than in men.
The value obtained by extrapolation for the amount of blood in obesity tissue if applied to the lean individual who becomes very obese gives impressive increases in blood volume. For example, if a lean 60 kilogram man gains 40 kilograms of obesity tissue, it is implied that his former blood volume of about 4000 milliliters would be expected to increase to about 5200 milliliters. Thus, 1200 milliliters of blood would be associated with his obesity tissue.
The studies of Jones (18) indicate that fat tissue is relatively poorly perfused with blood. Taylor, Brozek, and Keys (19) have shown that the cardiac output does not increase with increases of obesity tissue. Contrariwise they showed a trivariate regression equation relating cardiac output to lean body mass and fat, and found that the coefficient for fat is negative. The same authors showed that the arterial-mixed venous oxygen difference was positively correlated with obesity.
The data here indicate that the amount of blood per unit obesity tissue is relatively large. Along with the findings of others regarding perfusion rates and cardiac output, these data emphasize the possible magnitude of relatively slow moving pools of blood in the obese individual and are pertinent to speculation concerning the increased incidence of death due to thromboembolism in individuals having these characteristics.
SUMMARY
Circulating red cell volume and body density were measured in a group of men and women.
Multiple regression equations were derived showing that circulating red cell volume is significantly correlated with fat as well as lean tissue. The amount of blood associated with obesity tissue is apparently about two-thirds that of lean tissue.
Since blood perfusion of obesity tissue is relatively low, this implies that obesity results in the presence of relatively large quantities of blood having low turnover rates. There was little increase in ability to estimate red cell volume on the basis of such equations when applied to an individual of this sample over the estimate based on weight alone. Women were found to have a circulating red cell volume per unit weight less than that of men for any degree of obesity.
